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According  to  Wieland  and  Scheuing  (1),  the 
Schiff-aldehyde  reaction  proceeds  in  two  steps. 
In the first step, the fuchsin-sulfurous acid reagent 
links with  1 mole of aldehyde to form a  monoal- 
dehydic compound,  and  in  the  second  step,  the 
compound  again  links  with  SO2  and  another 
mole of aldehyde to form a  dialdehydic one.  The 
present  author  has  unexpectedly found  that  the 
colored product produced by the Schiff-formalde- 
hyde  reaction  consists  of  several  components. 
The results obtained will be reported below. 
MATERIAL  AND  METHOD 
The Schiff reagent used contained l0 mg./ml, basic 
fuchsin,  0.02  gm./mL  NaHSO3  together  with  0.1 
N  HCI,  and  was  prepared  as  described  elsewhere 
(2).  Two  kinds  of  fuchsin,  parafuchsin  and  basic 
fuchsin  (Grfibler,  Germany),  were  used,  their 
purity  being  97  and  95  per  cent,  respectively,  as 
determined  by  TiCI~  titration  (3).  Formaldehyde 
solutions  of  various  concentrations  were  prcpared 
by  the  dilution  of  formaldehyde  solution,  either 
freshly synthesized from methanol (4) or commercially 
obtained  from  Wako  Chemicals  Co.,  Japan,  with 
water.  Their  concentrations  were  determined  by 
dimedon  and  iodine  titration  methods  (5  and  6). 
A  quantity  of 0.1  ml.  of these solutions was  added 
to  1.0  ml.  of Schiff reagent,  and  the  mixture kept 
for  24  hours,  unless  otherwise stated,  at  19-20°O. 
in  a  small  stoppered bottle.  After  being  diluted  to 
5.0 ml. with water, it served as a sample for analysis. 
A  small  amount  of the sample was  applied  to  the 
middle of a  paper strip  (No.  51,  Toyo  Filter Paper 
Co., Japan)  moistened with  a  buffer  (a  mixture of 
l0 ml. pyridinc, 100 ml. glacial acetic acid, and 2890 
ml.  water, pH  3.4),  and electrophoresis was carried 
out  for  25  minutes  with  a  current  of  5.7  to  6.4 
ma./8  cm.  at  a  constant voltage of 500  v./27  cm. 
In some cases, the strip was dried by gentle heating, 
impregnated with  paraffin,  and  the  electrophoretic 
pattern  obtained  was  examined  with  a  scanner. 
In other cases,  each constituent band of the pattern 
was  cut  out  from  the  strip  immediately,  and  its 
component extracted with the buffer. All the spectro- 
photometric  determinations  were  made  with  a 
Hitachi spectrophotometer. 
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RESULTS 
Conformity  to  Beer's Law."  An aliquot of a  sample 
containing  200  to  20,000  7  formaldehyde  was 
diluted  100  times  with  KC1-HC1  buffer  of  pH 
1.4  and  absorbancy measured at  572  In#.  It was 
shown that the reaction conforms to Beer's law, if 
the formaldehyde amount added does not exceed 
2,500 3'. 
Electrophoretic  Patterns  of Schiff Reagent  and Reaction 
Product."  Samples  containing  2  to  20,000  "y 
formaldehyde  as  well  as  diluted  Schiff  reagent 
FIGURE I 
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patterns  obtained  are  shown  in  Fig.  1,  in  which 
separated  bands  are  designated  for  convenience 
as  a,  b,  c,  etc.,  in  the  direction  of  cathode  to 
anode.  Schiff reagent  alone  gave  a  pattern  of 4 
bands.  Patterns  with  an  increased  number  of 
bands  were obtained  as amounts  of formaldehyde 
were  added,  and  as  many  as  10  bands  were 
separated.  The  addition  of  excess  amounts  of 
formaldehyde  brought  about  the  disappearance 
of  certain  bands.  Apart  from  such  changes  in 
number,  these  bands  showed  variations  in  their 
relative  intensity  according  to  the  amounts  of 
formaldehyde added. 
A  mixture  of  Schiff  reagent  with  20,000  3' 
formaldehyde was kept for  10 seconds, 30 seconds, 
1 hour,  24  hours,  36  hours,  and  72  hours,  and  a 
sample  prepared  from each was  analyzed.  In  the 
cases in which the reaction  time was shorter  than 
1 hour  a  pattern  of only  4  bands, j,  i,  h,  and  g, 
was  obtained;  where  the  reaction  time  ranged 
from  24  to  72  hours  5  bands,  j,  i,  h,  g,  and  f, 
appeared.  Here  again,  the  relative  iptensity  as 
well  as  the  number  of  these  bands  changed 
according to the length of reaction time. 
Absorption  Spectra  of  Isolated  Components:  Some  of 
the  electrophoretically  isolated  components  had 
different  colors;  that  is,  j  was  bluish  violet,  i 
violet,  h  violet  purple,  g  purple,  and  f  and  e 
purple  pink,  while  the  remaining  four  were 
pink.  In  the  case  in  which  parafuchsin  was  used 
to prepare Schiff reagent, the component a had an 
absorption peak at 545, b at 548, c at 549, d at 550, 
e at 555, f  at 556, g at 566,  h at 573,  i at 577,  and 
]  at 581  m#  (pyridine-acetic acid buffer,  pH 3.4). 
In  the  case  in  which  basic  fuchsin  was  used  to 
prepare  Schiff reagent,  some of these components 
:showed a  slight shift of absorption  peak towards  a 
shorter wave length  (@ reference 7). 
Partition  between  i-Amylol  and  Water  of  Isolated 
.Components:  Though  para-  or  basic  fuchsin  can 
be  extracted  with  i-amylol from  a  diluted  Schiff 
reagent,  the  reaction  product  of Schiff-formalde- 
hyde  reaction  cannot  be  extracted  from  its 
aqueous solution  (2).  With  this  in  mind,  the  iso- 
lated  components  were  examined  for  partition 
between  amylol  and  water.  An  aliquot  of  an 
aqueous  solution  of  each  component  (pH  3.4) 
was  mixed  vigorously  with  an  equal  volume  of 
i-amylol,  and  the  resulting  mixture  let  stand  to 
ensure  a  separation of aqueous and  amylol layers. 
The  components  a,  b,  c,  and  d  were  completely 
transferred  into  amylol,  while  the  components 
e, f, g,  h,  i, and j  remained  mostly or completely 
in  the  aqueous  layer,  though  e  and  f  were  also 
transferred  into amylol to some extent.  In view of 
the fact that Schiff reagent alone shows an electro- 
phoretic  pattern  consisting  of the  former  4  com- 
ponents,  these  latter  6  components  may  be 
understood  to  be  the  genuine  reaction  product 
at issue. 
Reducibility  by SOs  of  Isolated  Components."  As  the 
routine  Schiff-formaldehyde  reaction  is  carried 
out in  the  presence  of SOs,  a  test for reducibility 
of these components  by SOs was made.  After the 
pH of an aqueous solution of each component was 
adjusted  at  pH  1.4  with  HC1,  a  quantity  of 
NaHSO3  was  added  to  the  solution  to  make  its 
final concentration 0.02 gm./ml. The components 
a,  b,  c,  d,  and  e were decolorized completely and 
the  components f  and j  almost completely,  while 
the  components  g,  h,  and  i  remained  colored 
though  faded  to  some  extent.  From  this  fact  it 
seems  that  only the latter  three  components  play 
a  main  role  in  providing  the  reaction  color  in 
routine procedures. 
DISCUSSION 
Recently  Barka  (8),  Barka  and  Ornstein  (9) 
have found  by paper  chromatography  that  Schiff 
reagent  reacts  with  formaldehyde  to  form 4  to  6 
components.  The  present  author  has  isolated  by 
paper  electrophoresis as  many  as  10 components, 
at  a  maximum,  from  the  colored  mixture  of 
formaldehyde  and  Schiff  reagent  (7).  Among 
these,  4  are  easily  transferred  into  i-amylol from 
their aqueous solution,  while the remaining  6  are 
mostly or completely not.  The former 4  occur in 
an electrophoretic pattern  of Schiff reagent alone, 
and  also  in  that  of the  colored  mixture  in  con- 
centrations  where  the  reaction  conforms  to 
Beer's law.  Therefore,  the  former  are  considered 
to originate from an excess of Schiff reagent, while 
the  latter  are  considered  to  be  genuine  reaction 
products.  Among  these  products,  only  three  are 
resistant to reduction by SO2, and are thus respon- 
sible for the reaction color in routine procedures. 
The  number  and  the relative amounts  of these 
components  change  according  to  the  added 
amounts  of formaldehyde  as  well  as  the  time  of 
reaction.  They  also  depend  on  SOs  content  of 
Schiff reagent  (8).  All these facts lead  the author 
to  conclude  that  the  mechanism  of  Schiff-for- 
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than  that  formerly  assumed  by  Wieland  and 
Scheuing (1). 
Addendum 
The isolated components, j, i, h,  and g, contained 
fuchsin,  and  showed  a  positive  reaction  for 
formaldehyde  with  chromotropic  acid  in  the 
presence of H2SO4. They differed fi'om one another 
in their proportions of formaldehyde to fuchsin, 
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